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(54) SEPARATOR FOR FUEL CELL 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a separator for a fuel cell excellent in current collecting 
performance in a use environment and ofFering no cost problem, by using a metallic material 
excellent in workability as a base material. 

SOLUTION: A separator for a fuel cell constituting a solid high-polymer type fuel cell comprises 
a material made by applying a coating layer composed of Sn, an Sn-containing alloy, an Sn- 
containing compound, Ru02, Ir02, Mn02, or WC on a surface of a metallic material excellent in 
corrosion resistance. Because the metallic material is used as a base material, separator press 
forming workability is excellent and an oxide film formed on the Sn-containing coating layer 
during use is high in electroconductivity, and current collecting performance is prevented from 
lowering during use. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The separator for fuel cells characterized by to consist of an alloy which is the 
separator for fuel cells equipped with the current-collection engine performance which contacts 
each electrode which pinches a solid electrolyte from both sides, is arranged, and forms the gas 
passageway of distributed gas between these electrodes, and contains Sn and Sn on the front 
face of the metallic material excellent in corrosion resistance, a compound containing Sn, and an 
ingredient which has the enveloping layer which consists of Ru02, Ir02, Mn02, or WC. 



[Translation done.] 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the separator for fuel cells. 
[0002] 

[Description of the Prior Art] The separator for fuel cells is a configuration member which 
constitutes a polymer electrolyte fuel cell, it contacts each electrode which pinches a solid 
electrolyte from both sides, is arranged, forms distributed gas paths, such as fuel gas and oxidant 
gas, between these electrodes, and is equipped with the current collection engine performance 
which contacts an electrode and derives a current 

[0003] Generally this separator consists of metallic materials, such as precise carbon graphite, 

or SUS, Ti, Gu, aluminum, as shown in JP.4-95354,A, JP,8-222237,A, etc. 

[0004] 

[Problem(s) to be Solved by the Invention] By the way, since the high current collection engine 
performance is maintained also by prolonged activity highly [ the current collection engine 
performance ], the separator which consists of precise carbon graphite can be called outstanding 
separator from a viewpoint of the current collection engine perFormance. However, many heights, 
a slot, etc. are formed in the field which counters the electrode of a separator that the path 
formation engine perFormance for forming a gas passageway should be given. However, since 
precise carbon graphite is a very weak ingredient, it has the problem that mass production is 
difficult while it is not easy to machine cutting etc. that many heights and slots should be formed 
in the front face of a separator and processing cost becomes high. 

[0005] On the other hand, since the metallic material is excellent in reinforcement and ductility 
in the above-mentioned separator which solves and consists of metallic materials as compared 
with precise carbon graphite, press working of sheet metal which forms many heights and slots 
that the path formation engine perFormance of a gas passageway should be given is possible, and 
there is an advantage that processing cost is low and mass production is also easy. However, 
under the operating environment of a separator, an oxide film is generated by the front face, and 
it is [ a metallic material ] easy, and it has the problem that contact resistance with the 
electrode of the generated oxide film is large, and reduces the current collection engine 
performance of a separator. 

[0006] Adopting as the front face of the metallic material excellent in workability the ingredient 
which coated carbon graphite excellent in electrical conductivity as a component of a separator 
that these problems should be coped with is proposed. Moreover, it is possible to coat metallic 
materials, such as Au excellent in electrical conductivity. However, the ingredient of the former 
which uses a metallic material as a base material has a problem also in processing cost while 
reliance lacks in the airtightness of the coating ingredient to a base material, and adhesion. 
Moreover, the latter ingredient has a problem in the point that a coating ingredient is expensive. 
[0007] Therefore, the object of this invention uses the metallic material excellent in workability 
as a base material, and it excels in the electrical conductivity under an operating environment, 
and it is to ofFer the separator for fuel cells which is satisfactory in cost. 
[0008] 
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[Means for Solving the Problem] This invention contacts the separator for fuel cells, and each 
electrode which pinches a solid electrolyte from both sides especially, is arranged, and form the 
gas passageway of distributed gas between these electrodes. It is the separator for fuel cells 
equipped with the current collection engine performance, and is characterized by consisting of 
an alloy which contains Sn and Sn on the front face of the metallic material excellent in 
corrosion resistance, a compound containing Sn, and an ingredient which has the enveloping 
layer which consists of Ru02, IR02, Mn02, or WC. 
[0009] 

[Embodiment of the Invention] The separator concerning this invention can use the metallic 
material excellent in corrosion resistance as a base material, and can mention SUS, Ti, Cu, 
aluminum, these alloys, etc. as this metallic material. Moreover, the enveloping layers which 
constitute the separator concerning this invention are the alloy containing Sn and Sn, a 
compound containing Sn, and Ru02, Ir02, Mn02 or WC. 

[0010] As an alloy containing Sn, Sn-nickel, Sn-Fe, Sn-Ti, etc. can be mentioned. Moreover, 
Sn02 can be mentioned as a compound containing Sn. As an oxide, Ru02, Ir02, Mn02, WC, etc. 
can be mentioned to others. These may be used together even if independent Generally, 
although the enveloping layer which constitutes the separator concerning this invention coats 
each above-mentioned ingredient on the surface of a base material and is formed, it precedes 
coating these ingredients and can coat the front face of a base material with other ingredients. 
For example, it precedes coating Sn on the surface of a base material, and nickel can be 
beforehand coated on the surface of a base material. As a coating means, means, such as 
plating, ion plating, and spreading, are employable. 

[001 1] Moreover, in the separator concerning this invention, after carrying out press forming of 
heating at the temperature more than the melting point of Sn after forming an enveloping layer 
on the surface of a base material, and the ingredient in which the enveloping layer was formed on 
the front face of a base material to the configuration of a separator, it can heat at the 
temperature more than the melting point of Sn. After carrying out press forming of the ingredient 
which formed the enveloping layer in both sides of a base material in the separator concerning 
this invention to the configuration of a separator, it can consider as the structure of joining both 
separators mutually through Sn and having a channel for cooling among these both, a fuel gas 
side further again by carrying out the polymerization of the oxidant gas side separator, and 
heating at the temperature more than the melting point of Sn. 
[0012] 

[Function and Effect of the Invention] In the separator for fuel cells which this invention makes 
applicable to application, when this separator consists only of metallic materials, such as SUS, Ti, 
Cu, and aluminum, since it is put to the oxidizing atmosphere in which a hot steam forms the 
contact section with an electrode at the time of operation of a fuel cell, an oxide film is formed 
in the contact part concerned. For this reason, a separator makes contact resistance increase 
and makes current collection effectiveness fall. 

[0013] On the other hand, the separator concerning this invention uses a corrosion resistance 
metallic material as a base material, and is equipped with the alloy which contains Sn and Sn on 
the front face, the compound containing Sn, and the enveloping layer which consists of Ru02, 
Ir02, Mn02, or WC. Even if electrical conductivity is high in itself, and it oxidizes even if and the 
alloy containing Sn and Sn becomes an oxide, since lowering of electrical conductivity is very 
small, making contact resistance increase during operation of a fuel cell does not almost have it, 
and it holds high current collection effectiveness. Moreover, the compound containing Sn, and 
Ru02, Ir02, Mn02 and WC have high electrical conductivity in the condition of having already 
oxidized For this reason, there is almost no making contact resistance increase during operation 
of a fuel ceil, and it holds high current collection effectiveness. 

[0014] The alloy containing Sn and Sn or the compound containing Sn, and Ru02, IR02, Mn02 
and WC can be coated with means, such as plating, ion plating, and spreading, 

easily and cheaply to the front face of a base material. Moreover, become empty and there is no 
possibility that the enveloping layer of airtightness and adhesion formed of coating may be good, 
and may exfoliate from a base material front face. 
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[0015] 

[Test Example(s)] The polymer electrolyte fuel cell which uses as a configuration member the 
separator which forms the component of the separator concerning this invention in order to get 
to know the existence of the effect to the contact resistance at the time of being exposed to a 
steam ambient atmosphere, and starts this invention about the sheet metal with which this 
invention consists of various kinds of metallic materials which constitute the separator for fuel 
cells made applicable to application was constituted, and examination about the cell property was 
performed. 

Ti which is the metallic material currently generally used as a separator in the example of an 
exam, (Example 1 of a trial) The sheet metal which consists of aluminum, Cu, SUSS 16, and 
SUS304, the sheet metal which comes to coat the front face of the sheet metal made from 
SUS304 carbon graphite, and the plate which consists of precise carbon graphite are produced, 
respectively. These sheet metal and plates were exposed to the steam ambient atmosphere of 
100% of humidity at 80 degrees C for 96 hours, and the contact resistance before and after 
exposure in the steam ambient atmosphere in these sheet metal and plates was measured. The 
obtained result is shown in the graph of drawing 1 . 

[0016] When the result of drawing 1 is referred to, before exposing contact resistance to a 
steam in the sheet metal which consists of Ti, aluminum, Cu, SUS316, and SUS304, it is 
comparatively small, but increasing remarkably will be admitted if exposed to a steam ambient 
atmosphere. Since a steam is an oxidizing atmosphere, an oxide film is generated by the sheet 
metal front face, and this is understood to be what originates in generation of an oxide film and 
contact resistance is increasing substantially. Therefore, in the separator which makes these 
sheet metal a component, during operation of a fuel cell, contact resistance increases and 
current collection effectiveness falls remarkably. 

[0017] On the other hand, with the sheet metal which comes to coat the front face of the sheet 
metal made from SUS304 carbon graphite, and the plate which consists of precise carbon 
graphite, hardly changing, even if it ts small before exposing contact resistance to a steam 
ambient atmosphere, and exposed to a steam ambient atmosphere is admitted. Therefore, in the 
separator which makes these sheet metal a component, current collection efFectiveness there 
are few increments in contact resistance also during operation of a fuel cell, and high is held. 
(Example 2 of a trial) In the example of an exam, the sheet metal of SUS304 which is the metallic 
material currently generally used as a separator is used as the base material. And the front face 
of this base material is coated with Sn by ♦♦♦♦♦ ♦» » aMcaMc»3K^ and it is formed in it The thickness 
of the enveloping layer of Sn component produced sheet metal as 30 micrometers, 20 
micrometers, and 10 micrometers, respectively. These sheet metal was exposed to the steam 
ambient atmosphere of 100% of humidity at 80 degrees C for 96 hours, and the contact 
resistance before and after exposure in the steam ambient atmosphere in these sheet metal was 
measured. The obtained result is shown in the graph of drawing 2 . 

[0018] Reference of the result of drawin g 2 admits that the contact resistance before exposing 
to a steam ambient atmosphere is remarkably small as compared with the sheet metal which 
consists of Ti, aluminum, Cu, SUS316, and SUS304, and the increment in the contact resistance 
after being exposed to a steam ambient atmosphere is very small in the sheet metal which has 
the enveloping layer of Sn component. Therefore, in the separator which makes these sheet 
metal a component, current collection efFectiveness there are few increments in contact 
resistance also during operation of a fuel cell, and high is held. 

[001 9] In addition, in the example of an exam, the sheet metal which has an enveloping layer with 
a thickness of 2 micrometers - 10 micrometers in which it excels in corrosion resistance on the 
front face of the base material which is sheet metal of SUS304, and electrical conductivity 
comes to coat Sn02, Ru02, Ir02, Mn02 [ high ], and high WC by ion plating, respectively was 
produced, respectively. And when the trial exposed to the same steam ambient atmosphere as 
the above was tried, it was admitted not to mention the contact resistance before exposing any 
sheet metal to a steam ambient atmosphere being remarkably small that the increment in the 
contact resistance after exposure in a steam ambient atmosphere was very small. 
In the example of an exam, the sheet metal of SUS304 which is the metallic material currently 
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generally used as a separator is used as a base material. (Example 3 of a trial) Come to coat the 
front face of this base material Sn by The sheet metal which has the 

enveloping layer of Sn component (30 micrometers in thickness, 20 micrometers, and 10 
micrometers), And after giving nickel plating with a thickness of 2 micrometers for the sheet 
metal of SUS304 as a base material on the surface of Perilla frutescens (L) Britton var. crispa 
(Thunb.) Decne., the sheet metal which has the enveloping layer of Sn component (30 
micrometers in thickness which comes to coat the front face of nickel plating layer Sn by 
9|c%9Mc9|c:|e9|c:(ca|ca|c9Mc:|e:(c^ 20 micrometors, and 10 micrometers) was produced, respectively. And these 
sheet metal was heat-heated at 250 degrees C according to the non-oxidizing atmosphere for 1 
hour. 

[0020] Each heat-treated sheet metal was exposed to the steam ambient atmosphere of 100% of 
humidity at 80 degrees C for 96 hours, and the contact resistance before and after exposure in 
the steam ambient atmosphere in these sheet metal was measured. The obtained result is shown 
in the graph of drawing 3 . If these results are referred to, the contact resistance in these sheet 
metal will be lower than an EQC or it as compared with the sheet metal shown in the example 2 
which has the enveloping layer of Sn component, and it will be admitted that the increment in 
the contact resistance after being exposed to a steam ambient atmosphere is very small. 
Therefore, in the separator which makes these sheet metal a component, current collection 
effectiveness there are few increments in contact resistance also during operation of a fuel cell, 
and high is held. 

[0021] It is admitted [ in / both / the sheet metal which comes to form the enveloping layer of 
Sn component with a thickness of 10 micrometers in the front face of nickel plating layer after 
giving nickel plating with a thickness of 2 micrometers especially to the front face of the sheet 
metalHike base material of SUS304 ] that contact resistance equivalent to the precise carbon 
graphite shown in the example 1 of a trial before and after exposure in a steam ambient 
atmosphere is shown. In addition, although the above-mentioned heat^eatment is performed in 
the non-oxidizing atmosphere, you may heat-treat by the usual oxidizing atmosphere. In this 
case, since an oxide film is generated by the front face of the enveloping layer which covers a 
base material, it is desirable to remove the generated oxide film. 

The sheet metal which comes to form the enveloping layer of Sn component with a thickness of 
10 micrometers in the front face of the sheet metai-iike base material of SUS304 in the example 
of an exam, (Example 4 of a trial) After giving nickel plating with a thickness of 2 micrometers to 
the front face of the sheet metal-like base material of SUS304, on the front face of nickel 
plating layer 1 0 micrometers in and thickness About what heat-heated the sheet metal which 
comes to form the enveloping layer of 30-micrometer Sn component at 250 degrees C according 
to the non-oxidizing atmosphere for 1 hour, change of the cross-section organization of an 
enveloping layer and the X-ray diffraction of an enveloping layer were performed. The result is 
shown in drawing 4 - drawing 8 . 

[0022] D rawin g 4 shows the optical microscope photograph of the cross-section organization 
before and behind heat-treatment of the sheet metal which comes to form the enveloping layer 
of Sn component with a thickness of 10 micrometers in the front face of the sheet metal-like 
base material of SUS304. Drawi n g 5 shows the chart of the X-ray diffraction of the enveloping 
layer after heat-treatment of this sheet metal. Reference of this cross-section organization 
checked that it was a Sn-Fe compound as a result of accepting a clear organization change by 
heat-treatment at 250 degrees C and analyzing this organization. 

[0023] Drawing 6 shows the optical microscope photograph of the cross-section organization 
before and behind heat-treatment of the sheet metal which comes to form the enveloping layer 
of Sn component with a thickness of 10 micrometers in the front face of nickel plating layer, 
after giving nickel plating with a thickness of 2 micrometers to the front face of the sheet metal- 
like base material of SUS304. Drawing 7 shows the chart of the X-ray diffraction of the 
enveloping layer after heat-treatment of this sheet metal. Reference of this cross-section 
organization checked that it was a Sn-nickei compound as a result of accepting a clear 
organization change by heat-treatment at 250 degrees C and analyzing this organization. 
[0024] Drawing 8 shows the optical microscope photograph of the cross-section organization 
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after heat-^eatment of the sheet metal which comes to form the enveloping layer of Sn 
component with a thickness of 30 micrometers in the front face of nickel plating layer, after 
giving nickel plating with a thickness of 2 micrometers to the front face of the sheet metal-like 
base material of SUS304. As a result of analyzing this enveloping layer, it was checked that the 
Sn-nickel compound is generating to inside at the enveloping layer. However, it is checked that 
Sn remains on the surface of an organization, and the contact resistance of the sheet metal 
after this heat-treatment originates in the surface residual Sn, and is accepted to be a thing 
comparable as the sheet metal before heat-treatment Therefore, if there are too many amounts 
of coatings of Sn, even if it heat-treats, Sn remains on a front face and effectiveness of heat- 
treatment cannot be expected. 

[0025] When forming the enveloping layer of Sn component in the front face of nickel layer from 
the above result after coating the front face of the sheet metal-like base material of SUS304 
with nickel, in order to expect a heating treatment effect, as for the enveloping layer of Sn 
component, it is desirable that thickness is 10 micrometers or less. In this case, as for nickel 
layer, it is desirable that it is the range whose thickness is 2 micrometers - 1 0 micrometers. 
When the thickness of nickel layer is less than 2 micrometers, the rate of Sn which remains on a 
front face becomes high after heat-lreatment, and effectiveness of heat-treatment cannot be 
expected. Moreover, when the thickness of nickel layer exceeds 10 micrometers, while being 
cost top disadvantage, in case press forming is carried out to the configuration of a separator, 
there is a possibility of producing trouble. 

[0026] In addition, it is also the same as when changing to the sheet metal-like base material of 
SUS and adopting metallic materials, such as Ti, and when forming the enveloping layer of Sn 
component in the front face of the sheet metal-like base material of SUS304, in order to expect 
a heating treatment effect, it is desirable [ the enveloping layer of Sn component ] that 
thickness is 5 micrometers or less. Because, in 5 micrometers or more, since the rate of Sn 
which remains after heat-treatment increases, the property of lowering the contact resistance 
of the generated Sn-Ti compound is not fully harnessed. 

(Example 5 of a trial) In the example of an exam, press forming of the sheet metal which formed 
the enveloping layer of Sn component in the front face of nickel layer after coating the front 
face or this front face of a sheet metal-like base material (0.1mm - 0.3mm in thickness) of 
SUS304 and Ti with nickel was carried out to the configuration of the separator for fuel cells so 
that it might become the electrode contact side whose enveloping layer side has much 
projections. Subsequentiy, the sheet metal which carried out press forming was heat-treated at 
the temperature more than the melting point of Sn under the non-oxidizing atmosphere, and the 
separator for fuel cells was formed. 

[0027] It was checked by the obtained separator that the Sn-Fe compound, the Sn-Ti 
compound, the Sn-nickel compound, etc. exist in the front face by the side of electrode contact. 
In addition, a shaping means to use the usual shaping metal mold which has vertical both molds 
may be enough for the above-mentioned press forming, and the shaping means which carries out 
hydraulic forming using a punch or female mold may be used for it. In press forming, since the 
enveloping layer of Sn component is rich in extensity, this enveloping layer has covered the front 
face of a base material also [ near the severe height of deformation ], and the exfoliation from a 
base material front face is not accepted. 

(Example 6 of a trial) In the example of an exam, after coating both sides or these both sides of 
a sheet metaHike base material (0.1mm - 0.3mm in thickness) of SUS304 and Ti with nickel, 
press forming of both sides of the sheet metal in which the enveloping layer of Sn component 
was formed on the front face of nickel layer was carried out to the configuration of the separator 
for fuel cells so that it might become the electrode contact side which has much projections, 
and the sheet metal for the object for fuel gas side separators and oxidant gas side separators 
was formed. Subsequently, the polymerization of both [ these ] the sheet metal was carried out, 
it heat-treated at the temperature more than the melting point of Sn under the non-oxidizing 
atmosphere, and the fuel gas side separator to which both sheet metal of each other was joined 
through Sn, and the oxidant gas side separator formed the separator of one. 
[0028] In the obtained separator, it can constitute in the structure of having a channel for 
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cooling between the joints of both sheet metal, and reduction of the cost of the separator for 
fuel cells and conductive improvement between a fuel gas side and an oxidant gas side separator 
can be aimed at by considering as this configuration. In addition, in this separator, it was checked 
that it is checked that the Sn-Fe compound, the Sn-Ti compound, the Sn-nicket compound, etc. 
exist in the front face by the side of electrode contact, and the enveloping layer has not 
exfoliated from a base material front face. 

(Example 7 of a trial) In the example of an exam, after giving nickel plating with a thickness of 2 
micrometers to the front face of the sheet metal-like base material (0.15mm in thickness) of 
SUS304, press forming of the sheet metal in which the enveloping layer of Sn component with a 
thickness of 1 0 micrometers was formed on the front face of nickel layer was carried out, and it 
heat-treated at the temperature more than the melting point of Sn under the non-oxidizing 
atmosphere after that, and the fuel gas side separator and the oxidant gas side separator were 
formed. Both [ these ] separators are adopted, a polymer electrolyte fuel cell is constituted, the 
cell property is measured, and the result is shown in the graph of drawing 9 . 
[0029] In addition, the property of the polymer electrolyte fuel cell which uses as a configuration 
member various kinds of separators which come to carry out press forming of the sheet metal in 
which the enveloping layer of a precise carbon graphite component with a thickness of 10 
micrometers was formed on the front face of the sheet metaHike base material (0.15mm in 
thickness) of SUS304, and the sheet metal of only the sheet metal-like base material (0.15mm in 
thickness) of SUS316 and Ti as an example of a comparison is collectively shown in the graph of 
drawing 9 . 

[0030] When this drawing was referred to, in the separator for fuel cells concerning the example 
of an exam, it was admitted that a property almost equivalent to the separator made from 
precise carbon graphite was acquired, and, moreover, it was checked that this property does not 
almost have aging. 



[Translation done.] 
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I rO.. MnO,*fcW:WC*>fe/i5«flMiS:fl|^fc'b 

uOi, I rO., MnO,*Jj;tnvcttf6JJ:if!fl:$nfc 

(0 0 141 Snx SnS:^W■^5^^, ^fcttSnS: 
^W-t-S-fb-^*, RuO,, IRO,, MnO,*5ilJW 

flIiJca— ^'-r^'^-f a— 9^^^ 30 

lO 0 1 Si 

«l*S:tTofc„ 40 

Jfl$*tT:v^?)^JH*t!|S|.-t**)?.T i . A I, Cu, SUS 
3 16, SIJ S Z 0 Ai)>f3ttZ>WR^ SXJSZOAUW 
«<0*a5»c*-3j?:x^97r-r Y^=^-T-<^^if\.Xti: 

tv^MLT, ;infc<Z)5»«43J:t;««Sr8 0'Cra*l 0 
0%o;ic||ft#il«l(c9 6l«|IQ|MtU 

loo 1 61 iaiW*|*t#I«i-5i:, T i, AK C 50 



#N^1 1-126 6 20 
4 

u» SUS 3 16, SUS 3 0 4*»fe*5?|fcR-ei3:» » 

\.xmtmiifi±'m\zmahx\^iiy<Dbmm^i^^z>. 

V^-C^4, «SJ|Bf«?|&<Dilte4'Jc:««»0t;6JliAOU-C««^«i 
[0 0 1 71 ^Hlr^UT, SUS3 0 4tt»te<^«a5 

14, im%9m^\zmn-t^mi\zi$\^x\X'h^<^ * 

(K»«2) *Kift0ii-e«4, '^^<v-d' tvx-mz.^ 
m ^fix^^^-^mtfi^xh^b s u s 3 0 4 (owsL^mt 

<'?4ll^9)l<OJP$i4, 3 0 Mm, 2 0Km:^J:t/10Mm 
i:b-CS*«Sr^-*t-Pnf^«Lfc. C*v6>«>3i«*8 0"C 

■caar 1 o o%«)*ii^#ffl5tfc 9 6^iffl#«u 

(00181 02 <Oi»*Sr#R8i-5 1 , S nfifei><©4*W 
JiSrWi-5»Kt?J4, Ti, Al, Cu, SUS31 

6, SUS 3 O 4*>e,/.c5»KtCJt*S'L-C, *^K5t#H 
i(»-*Ki--5 «lW-e«^fi«lfelS0t»4* L < /J^ * < , **0, 
7fcil«C#|B«((z:|Mi bA:|l(Z»3ft-6fiHtt«$t<OfiMr4tf 

«fifcH-*sfi-t-5-fe/-«w-^Jw*JV>-C»4, *R!^««l<r>i«B 

[0019] ttis, ^■mikmx\t. s u s 3 0 4 (oms. 

V^SnOi, RuO,, I rO,, MnO,, WC*-tix€' 
»S 2 m~ 1 0 m<Ol!l^«»Sf#-t-5?»«S:-tH-en 

*if«#iB«r«>#it«©««fitft©i«Afli4«»e> 

ffidH-cv^<&^JHim-T*«>« s u s 3 o 4<Q}««SraKlt 
i:b-C, io36|t<D*ffilJ:Sn*^9y9'^^'^'lJ:±»J 
=«— f'^^^^L-C'tcS, W$3 0;zm, 20Mm, 10 
Atm©Sn^:»-<D«iBIJfS:*i-5?|«, JJiV, SUS 



5 

3 0 4 ff)mit:mitt v-nDnmicma 2 n m(ON i m 

strife bfcHN i m^iommc S n 9 y f >f 

K:J:>?=— f'-f ^^i'L.X'iCS* J**3 0/im, 2 0 a* 
m, I T) |« mO S nfia^><7>«fl|JiSrW-t-<5»RSr^*l-P 

2 5 or 1 ll»MAH»«Ha u^, 
[00201 i)0fR«l9$n^#ii«tSr 8 0<C-t«Slt 1 0 
o %<D7Ki5*»ffl«»r 9 6 B^Wftfl ;i *t 6> <r>m\z 

^^(D^mm ^^-rimmm 2 i;:*-t-j»«tcit« vxm 

[0021] mz., S U S 3 O 4<om^:iDi^H<r>itmiZ 
$ 1 0 /I m<DS n^»<D»mmi:m0il^Xtl:itmmiC 

•tzti^tiibhiHio 'tis, Ji|EUfc;!)OjlMtt«ttl^lWfc 

BSt*-t-5 J: 5 K-i-^ z t bV \ 
(KRM4) S US 3 O 4 iOjWRjRaKfl- 

*5it5SUS3 0 4<D?|«!tftl6*t<DtRtBt::Ji:$ 
2 /< m(ON i lt^^l6L^%(CN i tti^(0|KS(rJ|C$ 
10 Mm, 3 0Min«>Sn|*^><O«WiSr?^fifcUT*5 

mmir^wt^m^^mmzx 2 5 ot;-c 1 f^mMn^i&mv 

Jl<??Xil»lHl«fSrffo:fc„ -eoitt*Sr> 04~08Jc:^ 
-f-c 

(0 0 2 21 04I4> SUS 3 0 4</5»«!t^lS$t<;D«iB 
izm^ 1 0/<m(OSn^^^<D«iBIJi«r?^^bTJi5»« 

-t-o m5t±mmi<r>i!ammmzisifi>».mm<oxmm 

, 2 5 o x:-e<^);!)n»«iatr x*)mh ^^^mmm'ftTtim 

[0023]Ga6tl, SUS30 4 <D9«t^S^(0«S 
lifllSl 0/im<DSnfifc5>(D«WiSrJ^fi8;b-C«5S»« 

oMiR«&aii(rift(zjstt2iiifaiiaMo3fc^i(«it7ii«:^ 

-t-. H7ri|BI?»«<^iiPm«ia«Jc:J3»t-5tt«Jt<DXi||(lI 



) 4$M7l 1-1 2 6 6 20 

6 

t. 2 5 ox:x<oijaimm\z x*)m 6>*»/jMaiiae'ffc*J« 

[0024] 08 ii:, SUS304 (DmSiikilsU<^$tm 
tiff* 3 0 (im<OSn^i^(Dmmmi:m^\^Xti:^mm 

inJiMaasr vx t)«aj»w s n ;d5?ie L-cAnJ»«ia©«i* 

[0025] suss 04<omm.^ 

«-<0*ffljCN i Sr^-T^^ ^-^Lfc^JcN i JiO*ffitc 

left. S n ^^(DWnm tt» $ *S 1 O M mSATT? 

;jJ2Mm*«i-^*>i*&jctt. Mmf&m^. mmimm 

T^ev^ NiJ|(^ff$;dU OMmSrjtt^S»d-K: 

[0 0 2 6] <C*5, SUS<0»K^*a6Wrlft^T, Ti 
#«)#JIMt1s|-Sr»ffl-f-5»&'blSI«tT?*>t), SU 
3 3 0 4 (Om^^m$t(r>$imK S n Afe^<0«fl|JlSr?^J5Ji 

»ittJ»$J)S5 /xm«T-e*>-5r i:;65if*U\ Jfc^/i 

p)> 5 M m&L±xtiJiam&m»\zms-ri> s n ow-a-ijs 

(«»«5) SUS 3 0 4*3j;OfT i 0? 

W^HiXfft OHO. Imm'-O. 3mm) <Dmm. ^ 

Sites nj*:J^<o»«JISrJ^^U^»«Sr, 
?^tfc«««r, *a6'(t#H«<7>T-^Sn<73«;fea±ota 

mizx)jammmLxmnm.i&M'^^<\^—!' i:m^vit, 

[0 0 2 7] Wbtvyt-fe/^U— ^'{CJ4, 11«l^fl!l<^« 
affcSn-Fe-fk-^*, Sn-T i-fk-^fft. Sn-Ni 

its mmmmtt.^m<om v\ ^^jeft(^j&l»lc^ v ^-c hit 
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taw 

mmVimtt (**0. lmm~0. 3mm) (DWiB. * 

V^-C, :mf>iiif?»«S:fi-&b-C*iMb»iB««>T-eSn 
(0 0 2 81 #?>*tfe-fe^<^~<5'^rj3V^XIi, jifiWg© 

S U S 3 O 4 
0 . 15 mm) (omSl^mii 2 n m«>N i 
jNI Lfc«»rN i m<OimKW^ 1 0 i« m<D S n|*^(Z>tft 

10 0 2 91 **5, VammtX^X. SUS3 04«)SWR 
(flt$0. 1 5mm) nmm^m^ 1 0;*m<D|R 

SUS 3 1 6, T i (DfVIE4^£^ (V$0. 15mm) 
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<r)yf.<DWR^:fu:^^m\.Xi3ii>^%<r>±^<\^—!'^m 
[0 0 3 0] |glSI^#H^-t--&^. ;4:»(|l^0l|iCl«(2«tm« 

10 [0 1 1 #a-fe/>' w-;?<t)|sfo»tt«0ii:sr^-r^'9 

m 3 1 #lli!(<^»K«(a^<oi(ie(c:A/i:-& S nfife^lft 

[041 ^m9k(omwi^mi<r>^mcs n^matm^ 

20 

[06] ^m<ommitmt(o$tmicij i ^=^-t^ > 
if i m<r>^im\^ s ti^^<o«^M^^jift 

[071 06i::^%^J»«ia«©'fe^-5w-iJ'«-«.jc*jit 
[08] ^m«l<^»«4^3S«-0*a5»'N i Sra-T^-ri' 
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